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1
ROCKING PISTON TYPE COMPRESSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a rocking piston type com-
pressor in which a piston is rockably and slidably disposed
within a cylinder.

2. Related Art

As a piston which is used in a compressor, there is known
a rocking piston which is allowed to reciprocate within a
cylinder while it is being rocked. In this type of rocking
piston, a lip ring is provided on a leading end portion of a
piston rod and the lip ring is used to seal up between the
cylinder and the piston rod.

The seal performance of the lip ring becomes worse as it is
used continuously. Specifically, the lip ring can be deformed
due to an influence of a compression heat or a load applied
thereto when it is pressed against a wall surface of the cylin-
der, or can be worn due to a continuous use thereof. Due to
this, a seal performance of the lip ring is deteriorated and a
compression efficiency is thereby deteriorated.

Even in the case that the seal performance of the lip ring is
deteriorated, in a continuously working state of the lip ring,
the lip ring is thermally expanded due to the compression
heat, whereby the seal performance can be maintained. How-
ever, in an initial operation state of the lip ring, or in the case
that the lip ring is used in a cold district where the lip ring is
also cooled, the seal performance becomes worse until the lip
ring is thermally expanded. Also, in the case that a motor of a
small outputis used, or in the case that the number of rotations
of'a motor is decreased for a purpose of quietness, a vertical
movement of a piston becomes slower, whereby the lip ring is
cooled due to an air leaking out from a clearance between the
piston and lip ring and thus the seal performance thereof is
hard to enhance.

In order to solve the above problems, according to the
invention disclosed in Patent Reference 1, there is disclosed a
structure in which a lip portion of a piston ring is energized
toward a cylinder by an energizing member to thereby seal up
between a piston main body and cylinder.

Patent Reference 1: JP-A-09-068279

Here, in the above-mentioned rocking piston, since the
piston portion thereof rocks within the cylinder to thereby
vary a space between the piston portion and cylinder, in most
cases, there is used a flexible lip ring. Thus, in the case that
such rocking piston is used in a compressor of a high pressure,
the flexible lip ring cannot withstand a load of the high pres-
sure and is thereby deformed, whereby the air leaks from a
space between the lip ring and cylinder and thus the compres-
sion efficiency is thereby lowered. Therefore, in a conven-
tional compressor, the rocking piston is used in a compressor
of'a low pressure. In the compressor of the high pressure, the
rocking piston is not used.

On the other hand, since the rocking piston is simple in
structure, it is hardly out of order and is inexpensive. There-
fore, the conventional rocking piston has been required for
improvement in order that it can be employed in a compressor
of a high pressure. However, in attaining this object, it is
necessary to use a lip ring having a large thickness.

However, according to the structure in Patent Reference 1,
the piston ring for sealing up between the piston main body
and cylinder is a ring having a circular flat plate-like shape in
which its lip portion is bent and deformed upwardly in order
to press a back-up ring (an energizing member) inwardly. Due
to this structure, since the back-up ring (an energizing mem-
ber) is caused to energize a vicinity of a bent portion of the
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piston ring. Thus, if that the piston ring is a flexible one, the
back-up ring is able to energize the flexible piston ring. How-
ever, if the pistonring has a rather large thickness, the back-up
ring is incapable of energizing the piston ring.

SUMMARY OF THE INVENTION

One or more embodiments of the invention provide a rock-
ing piston type compressor having a sealing structure which
can positively seal between a piston main body and a cylinder
and/or can be used in a compressor of a high pressure, even
when a lip ring having a seal performance deteriorated due to
a deformation or a wear is used in a cold district.

Inaccordance with one or more embodiments of the inven-
tion, a rocking piston type compressor in which a piston rod
11 is rockingly slidable within a cylinder 10 may include a lip
ring 20 configured to seal between the cylinder 10 and piston
rod 11 and an expansion member 30, 40, 50, 60. The lip ring
20 may be provided on a leading end portion 13 of the piston
rod 11 and including a bottom portion 21 in a circular plate
shape and a lip portion 22 extending from an entire peripheral
edge of the bottom portion 21 to an upper side in a height
direction. The expansion member 30, 40, 50, 60 may be
provided on an inside of the lip portion 22 and configured to
outwardly expand the lip portion 22 at a side of an upper
portion in the height direction of the lip portion.

Other aspects and advantages of the invention will be
apparent from the following description and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal section view of a rocking piston
according to a first exemplary embodiment.

FIG. 2 is a partially enlarged section view of a leading end
portion of a piston rod of the first exemplary embodiment.

FIG.3A is aside view of aring spring of the first exemplary
embodiment.

FIG. 3B is a plan view of the ring spring of FIG. 3A.

FIG. 4 is a transverse section view (a section view taken
along the X-X' line shown in FIG. 2) of the leading end
portion of the piston rod of the first exemplary embodiment.

FIG. 5A is a side view of a ring spring according to a
modification of the first exemplary embodiment.

FIG. 5B is a plan view of the ring spring of FIG. 5A.

FIG. 6A is a side view of a ring spring according to another
modification of the first exemplary embodiment.

FIG. 6B is a plan view of the ring spring of FIG. 6A.

FIG. 7 is a partially enlarged section view of a leading end
portion of a piston rod according to a second exemplary
embodiment.

FIG. 8A is a plan view of a crown-shaped member accord-
ing to the second exemplary embodiment.

FIG. 8Bis aside view of the crown-shaped member of FIG.
8A.

FIG. 9 is a partially enlarged longitudinal section view of a
seal structure portion according to the second exemplary
embodiment.

FIG. 10 is a partially enlarged section view of a leading end
portion of a piston rod according to a third exemplary
embodiment.

FIG. 11A is a partially enlarged longitudinal section view
of'a seal structure portion of the third exemplary embodiment
in its normal state.

FIG. 11B is a partially enlarged longitudinal section view
of the seal structure portion of the third exemplary embodi-
ment in its compressed state.
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FIG. 12 is a partially enlarged section view of a leading end
portion of a piston rod according to a modification of the
second exemplary embodiment.

FIG. 13 is a partially enlarged section view of a leading end
portion of a piston rod according to a fourth exemplary
embodiment.

FIG. 14A is a partially enlarged longitudinal section view
of a seal structure portion of the fourth exemplary embodi-
ment in its normal state.

FIG. 14B is a partially enlarged longitudinal section view
of the seal structure portion of the fourth exemplary embodi-
ment in its compressed state.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Exemplary Embodiment

Now, description will be given below of a first exemplary
embodiment with reference to FIGS. 1 to 6B.
(Basic Structure of Rocking Pin)

A rocking piston according to the present exemplary
embodiment is disposed within a compressor. As shown in
FIG. 1, a piston rod 11 is stored within a cylinder 10.

The piston rod 11 is structured such that it can rockingly
slide within the cylinder 10. In the leading end portion 13 of
the piston rod 11, there is formed a disc-shaped piston por-
tion. In a bearing hole 12 formed at an eccentric portion of a
base portion (large end portion) of the piston rod 11, there is
supported a crank shaft (not shown) which is provided on a
main body of the compressor, while the crank shaft is opera-
tively connected to a rotation drive apparatus (not shown)
provided on the compressor main body.

Owing to this structure, when the rotation drive apparatus
is operated, the crank shaft is rotated to thereby rotate the base
portion ofthe piston rod 11 eccentrically, whereby the leading
end portion 13 of the piston rod 11 is allowed to reciprocate in
a sliding direction (in FIG. 1, in a direction D1). That is, the
compressor of the present exemplary embodiment is struc-
tured such that, using the rotation of the crank shaft, the piston
rod 11 can be reciprocated to compress the air supplied into
the cylinder 10 and the compressed air can be sent out to
various apparatus or tool which can be operated by the com-
pressed air.

The piston rod 11 of the present exemplary embodiment is
structured such that, as shown in FIG. 1, its piston portion is
formed integrally therewith. Owing to this, with the recipro-
cating motion of the piston rod 11, the leading end 13 of the
piston rod 11 is caused to rock in a direction (in FIG. 1, in a
direction D2) perpendicular to the sliding direction of the
piston rod 11.

According to the present exemplary embodiment, as
shown in FIG. 2, on an outer periphery of the leading end
portion 13 of the piston rod 11, there is mounted a lip ring 20
which is used to seal between the piston rod 11 and cylinder
10. Specifically, a clearance existing between the cylinder 10
and piston rod 11 can be sealed by this lip ring 20. Therefore,
even a clearance, which is caused to occur due to a rocking
motion of the leading end portion 13 of the piston rod 11, can
also be sealed because the lip ring 20 is elastically deformed.

The lip ring 20 is made of a material such as synthetic resin
or synthetic rubber which contains therein the following com-
ponents: poly (tetrafluoroethylene) or modified poly (tet-
rafluoroethylene), copper or bronze alloy powder, globular
carbon or carbon fiber, or molybdenum dioxide. The lip ring
20 is a continuously extending ring-shaped member with no
cut portion formed in the entire periphery thereof. Specifi-
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cally, the lip ring 20 includes a ring-shaped bottom portion 21
and a lip portion 22 which rises from a whole peripheral edge
of the ring-shaped bottom portion 21. As shown in FIG. 2,
according to the present exemplary embodiment, the lip ring
20 is structured such that it can completely seal up between
the cylinder 10 and piston rod 11.

Inside the lip portion 22, as will be described later, an
expansion member which is used to expand the lip portion 22
outwardly is disposed on a leading end portion side (in a
height direction) of the lip portion 22. By the expansion
member, a seal performance of the lip portion 22 can be
enhanced.

As shown in FIG. 2, the lip ring 20 is fixed to the upper
surface of the piston rod 11 by a ring holder 23. That is, into
a recessed portion formed in the upper surface of the piston
rod 11, there is fitted the ring holder 23. This ring holder 23
can be fixed to the upper surface of the piston rod 11 by a
fixing bolt 28 which is inserted into the piston rod 11 from
above. The lip ring 20 is fixed in such a manner that it is held
by the ring holder 23 and piston rod 11.

Between the entire periphery of the peripheral edge portion
of the lower portion of the ring holder 23 and lip ring 20, as
shown in FIG. 2, there is formed a clearance. Due to this,
when the lip ring 20 is expanded by an expansion member, it
can be deformed in such a manner that it is expanded out-
wardly from the rising base portion of the lip portion 22,
thereby being able to positively seal between the pistonrod 11
and cylinder 10.

Thus, according to the present exemplary embodiment,
since there is employed the lip ring 20 the lip portion 22 of
which rises from the entire peripheral edge of the ring-plate-
shaped bottom portion 21, the lip portion 22 is allowed to
have a proper thickness. Also, since, on the height direction
upper portion side of the lip portion 22 of the lip ring 20, there
is provided the expansion member which is used to expand
the lip portion 22 outwardly on the height direction upper
portion side of the lip portion 22, even in the case that the lip
portion 22 has a properly large thickness, the lip portion 22
can be expanded on the height direction leading end portion
side thereof, that is, in the vicinity of the free end thereof,
which makes it possible to positively seal between the piston
rod 11 and cylinder 10. Due to this, even in the case of a
compressor of a high pressure, there can be employed a rock-
ing piston which is inexpensive and can be hardly out of
order; and, even when the lip ring 20 the seal performance of
which has been deteriorated due to the deformation or wear
thereof is used in a cold district or the like, it is possible to
positively seal between the piston rod 11 and cylinder 10.
(Details of Seal Structure)

Next, description will be given below of the details of the
seal structure according to the present exemplary embodi-
ment.

As shown in FIG. 2, in the seal structure according to the
present exemplary embodiment, as an expansion member,
there is provided a ring spring 30 for expanding the lip portion
22 outwardly on the height direction upper portion side of the
lip portion 22.

The ring spring 30 is structured such that, as shown in FI1G.
3B, a portion of'its periphery is cut out; and thus ithas a C-like
shape including a cut-out portion 31. When the ring spring 30
is used, as shown in FIGS. 2 and 4, it is fitted into a peripheral
groove 24 which is formed in the outer peripheral surface of
the ring holder 23. In this case, a portion of the peripheral
groove 24 of the ring holder 23 in the peripheral direction
thereof does not constitute the groove but constitutes a non-
groove portion 25. Due to this, the ring spring 30 can be fitted
in such a manner that the cut-out portion 31 of the ring spring
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30 is disposed at the position of the non-groove portion 25,
which makes it possible to determine a direction where the
ring spring 30 is disposed. Here, the non-groove portion 25, as
shown in FIG. 4, is formed in one side peripheral edge of the
ring holder 23 in the rocking direction D2 of the piston rod 11.
That is, the ring spring 30 is disposed such that the cut-out
portion 31 extends in the rocking direction D2 of the piston
rod 11.

The outer peripheral diameter of the ring spring 30 is
formed slightly larger than the inner peripheral diameter of
the lip portion 22 with which the ring spring 30 can be con-
tacted, whereby, when the ring spring 30 is fitted into the
peripheral groove 24, it can expand the lip portion 22 out-
wardly.

Here, since the ring spring 30 provided inside the lip por-
tion 22 is pressed inwardly by the lip portion 22, the diameter
of the ring spring 30 is reduced in such a manner that the
cut-out portion 31 is closed. The ring spring 30, normally, has
a substantially complete round shape but, when the ring
spring 30 is reduced in diameter such that the cut-out portion
31 is closed, it is deformed into a substantially elliptic shape
the major axis of which passes on the cut-out portion 31. As
described above, since the ring spring 30 is disposed inside
the lip portion 22 in such a manner that the non-groove
portion 25 extends in the rocking direction D2 of the piston
rod 11, the ring spring 30 is deformed in such a manner that
the major axis direction of the substantially elliptic shape
thereof provides the rocking direction D2 of the piston rod 11.

Here, since a space between the piston rod 11 and cylinder
10 varies in the rocking direction D2 of the piston rod 11, the
space between the piston rod 11 and cylinder 10 in the rocking
direction D2 is the space that requires the highest seal perfor-
mance. According to the present exemplary embodiment,
since the major axis of the substantially elliptic shape of the
ring spring 30 provides the rocking direction D2 requiring the
highest seal performance, the lip portion 22 is outwardly
expanded most intensely in the rocking direction D2, thereby
being able to positively seal between the piston rod 11 and
cylinder 10.

Here, as the ring spring 30 according to the present exem-
plary embodiment, the ring spring 30 having the above shape
is not limitative. For example, as shown in FIG. 5B, there may
also be used a ring spring 30 having a shape in which the two
ends of the cut-out portion 31 are bent inwardly, or, as shown
in FIG. 6A, there may also be used a ring spring 30 having a
shape in which the two ends of the cut-out portion 31 are
superimposed on top of each other.

Second Exemplary Embodiment

Now, description will be given below of a second exem-
plary embodiment according to the invention with reference
to FIGS. 710 9. In the second exemplary embodiment, instead
of'the ring spring 30 according to the first exemplary embodi-
ment, a crown-shaped member 40 is used as an expansion
member.

Here, since the basic structure of a rocking piston accord-
ing to the second exemplary embodiment is similar to the
above-mentioned basic structure according to the first exem-
plary embodiment, the duplicate description is omitted here
and description will be given below only of specific points of
the present exemplary embodiment. That is, since the present
exemplary embodiment has a rocking piston seal structure
which is different from the first exemplary embodiment,
description will be given here only of this structure.

As shown in FIG. 7, in the seal structure according to the
present exemplary embodiment, a crown-shaped member 40
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is used to expand the lip portion 22 outwardly on the height
direction upper portion side of the lip portion 22.

The crown-shaped member 40 is structured such that, as
shown in FIG. 8B, it includes a base portion 41 formed in a
ring shape and multiple rising pieces 42 which respectively
rise from the peripheral edge of the base portion 41. The
multiple rising pieces 42 are respectively formed to spread
gradually outwardly toward the open end 43 side of the mem-
ber 40 to thereby constitute plate springs respectively. The
base portion 41 of the crown-shaped member 40, as shown in
FIG. 9, is held by and between the lower surface of the ring
holder 23 and the bottom portion 21 of the lip ring 20,
whereby the crown-shaped member 40 is fixed in such a
manner that it extends along the inner periphery of the lip ring
20.

The open ends 43 of the multiple rising pieces 42 of the
crown-shaped member 40, as shown in FIG. 9, are respec-
tively formed to project upwardly of the end edge of the lip
portion 22. Also, the outer peripheral diameters of the open
ends 43 of the rising pieces 42 are formed slightly larger than
the inner peripheral diameter of the end edge of the lip portion
22, whereby the rising pieces 42 of the crown-shaped member
40 are allowed to expand the end edge of the lip portion 22
outwardly.

As described above, according to the present exemplary
embodiment, the multiple rising pieces 42 are capable of
applying loads to the lip portion 22 individually and also they
can apply the loads to the lip portion according to the shape of
the lip portion 22 that can be deformed due to the rocking
motion of the piston rod 11. This makes it possible to posi-
tively seal up between the piston rod 11 and cylinder 10.

Here, in the above exemplary embodiment, the open ends
43 of the rising pieces 42 of the crown-shaped member 40 are
respectively formed to project upwardly of the end edge of the
lip portion 22. However, this is not limitative. That is, the
rising pieces 42 of the crown-shaped member 40 may only be
capable of expanding the lip portion 22 outwardly on the
height direction upper portion side of the lip portion 22, or
may also be capable of expanding such portion of the lip
portion 22 outwardly as exists downwardly of the end edge of
the lip portion 22.

Third Exemplary Embodiment

Now, description will be given below of a third exemplary
embodiment with reference to FIGS. 10 to 12. In the third
exemplary embodiment, instead of the ring spring 30 accord-
ing to the first exemplary embodiment, a ring-shaped metal
member 50 is used as an expansion member.

Here, since the basic structure of a rocking piston accord-
ing to the third exemplary embodiment is similar to the above-
mentioned basic structure according to the first exemplary
embodiment, the duplicate description is omitted here and
description will be given below only of specific points of the
present exemplary embodiment. That is, since the present
exemplary embodiment has a rocking piston seal structure
which is different from the first exemplary embodiment,
description will be given here only of this structure.

As shown in FIG. 10, in the seal structure according to the
present exemplary embodiment, a ring-shaped metal member
50 is used to expand the lip portion 22 outwardly on the height
direction upper portion side of the lip portion 22.

The ring-shaped metal member 50, as shown in FIG. 10, is
a ring-shaped member the section of which has a trapezoid
shape and also which has no cut-out portion. The ring-shaped
metal member 50 is formed to have a tapered shape in which
the diameter of the outer peripheral surface thereof increases
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gradually toward the leading end side thereof. When the ring-
shaped metal member 50 is used, as shown in FIG. 11A, it is
fitted into a peripheral groove 24 which is formed in the outer
peripheral surface of the ring holder 23. Here, the peripheral
groove 24 of the ring holder 23, differently from the first
exemplary embodiment, is formed to extend over the entire
periphery of the ring holder 23.

Here, the peripheral groove 24 of the ring holder 23 is
formed such that, as shown in FIG. 11A, the width thereof is
larger than the height of the ring-shaped metal member 50
(the width thereof in the sliding direction D1 of the piston
rod). Owing to this, the ring-shaped metal member 50 is
allowed to slide within the peripheral groove 24 along the
inner peripheral surface 52 of the lip portion 22.

Here, the inner peripheral surface of the lip portion 22 is
also formed to have a tapered shape which, as shown in FIG.
11A, increases in diameter gradually toward the leading end
side thereof. And, the minimum outside diameter of the
tapered surface of the ring-shaped metal member 50 (the
outside diameter of the counter-leading end side thereof) is
formed larger than the maximum inside diameter of the
tapered surface of the lip portion 22 (the inside diameter of the
leading end side thereof). Therefore, normally, as shown in
FIG. 11A, the ring-shaped metal member 50 is situated in the
upper portion of the peripheral groove 24.

And, when the piston rod 11 starts its reciprocating motion
and slides in the compression direction (in FIG. 11A, in the
upward direction), the ring-shaped metal member 50, due to
the inertia that is generated when it moves from its suction
step to its compression step, is allowed to slide in the counter-
leading-end direction to thereby expand the lip portion 22
outwardly. And, the ring-shaped metal member 50, which has
slid in the counter-leading-end direction, while it is operating
in the compression step, maintains the seal position due to the
air pressure and then returns to the position shown in FIG.
11A due to the inertia that is generated when the ring-shaped
metal member 50 enters the suction step.

As described above, according to the present exemplary
embodiment, in the compression operation time that requires
the seal performance, the present seal structure is positively
able to seal between the piston rod 11 and cylinder 10.

Here, in the above exemplary embodiment, the outer
peripheral surface 51 of the ring-shaped metal member 50 and
the inner peripheral surface of the lip portion 22 are both
formed to have a tapered shape the diameter of which
increases gradually toward the leading end side thereof. How-
ever, this is not limitative. That is, as shown in FIG. 12, only
the upper portion of the inner peripheral surface of the lip
portion 22 may be formed to have a tapered shape the diam-
eter of which increases gradually toward the leading end side
thereof. For example, in FIG. 11A, the inner peripheral sur-
face of the lip portion 22 may be formed as a straight surface;
and, the upper portion of the inner peripheral surface of the lip
portion 22 and the outer peripheral surface 51 of the ring-
shaped metal member 50 may be contacted with each other.

Fourth Exemplary Embodiment

Now, description will be given below of a fourth exemplary
embodiment according to the invention with reference to
FIGS. 13 to 14B. In the fourth exemplary embodiment,
instead of the ring spring 30 according to the first exemplary
embodiment, a non-metal member 60 is used as an expansion
member.

Here, since the basic structure of a rocking piston accord-
ing to the fourth exemplary embodiment is similar to the
above-mentioned basic structure according to the first exem-
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plary embodiment, the duplicate description is omitted here
and description will be given below only of the specific points
of the present exemplary embodiment. That is, since the
present exemplary embodiment has a rocking piston seal
structure which is different from the first exemplary embodi-
ment, description will be given here only of this structure.

As shown in FIG. 13, in a seal structure according to the
present exemplary embodiment, a non-metal member 60 is
used to expand the lip portion outwardly on the height direc-
tion upper portion side of the lip portion 22.

The non-metal member 60, as shown in FIG. 13, is a ring
member which has no cut portion therein and is used to
expand the lip portion 22 outwardly due to the thermal expan-
sion thereof.

When the non-metal member 60 is used, it is fitted into a
peripheral groove 24 formed in the outer peripheral surface of
the ring holder 23. Here, the peripheral groove 24 of the ring
holder 23 is formed such that, differently from the first exem-
plary embodiment, it extends over the entire periphery of the
ring holder 23.

The outer peripheral diameter of the non-metal member 60
is formed slightly larger than or substantially equal to the
inner peripheral diameter of the lip portion 22 with which the
non-metal member 60 can be contacted. Owing to this, when
the non-metal member 60 fitted into the peripheral groove 24
is thermally expanded due to the compression heat, it can
expand the lip portion 22 outwardly.

Also, since the non-metal member 60 is made of a material
having a larger coefficient of linear expansion than the ring
holder 23, the linear expansion thereof can be facilitated,
thereby being able to realize the enhanced seal performance
earlier than the prior art technology.

Also, as shown in FIG. 14A, the thickness T1 of the non-
metal member 60 is set larger than the thickness T2 of the lip
portion 22. Due to this, the thermal expansion of the non-
metal member 60 can be facilitated further and thus the
enhanced seal performance can be realized earlier than the
prior art technology.

Further, as shown in FIG. 14B, the non-metal member 60 is
structured such that it can be elastically deformed due to the
air pressure provided when the piston rod 11 sucks the air to
thereby expand the lip portion 22 outwardly. Therefore, the
seal performance can be enhanced due to the elastic defor-
mation thereof in addition to the thermal expansion thereof.

As described above, according to the present exemplary
embodiment, there are provided various devices which are
useful in sealing between the piston rod 11 and cylinder 10
due to the thermal expansion of the non-metal member 60 and
in enhancing the seal performance thereof. This makes it
possible to positively seal between the piston rod 11 and
cylinder 10.

In accordance with the above exemplary embodiments, a
rocking piston type compressor in which a piston rod 11 is
rockingly slidable within a cylinder 10 may be provided with
a lip ring 20 and an expansion member 30, 40, 50, 60. The lip
ring 20 is configured to seal between the cylinder 10 and
piston rod 11. The lip ring 20 may be provided on a leading
end portion 13 of the piston rod 11 and may include a bottom
portion 21 in a circular plate shape and a lip portion 22
extending from an entire peripheral edge of the bottom por-
tion 21 to an upper side in a height direction. The expansion
member 30, 40, 50, 60 may be provided on an inside of the lip
portion 22 and configured to outwardly expand the lip portion
22 at a side of an upper portion in the height direction of the
lip portion.

According to this structure, since the lip ring includes the
lip portion that is raised from the entire peripheral edge of the
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circular-plate-shaped bottom portion of the lip ring, the lip
portion can be formed to have a rather large thickness. Also,
since there is provided the expansion member that can expand
the lip portion outwardly on the height direction upper portion
side of the lip ring, even in the case that the lip portion has a
rather large thickness, it is possible to expand the lip portion
in the vicinity of the free end thereof, thereby being able to
positively seal between the piston main body and cylinder.
Therefore, even in the case of a compressor of a high pressure,
there can be employed a rocking piston which is inexpensive
and can hardly break down; and also, even in the case that a lip
ring the seal performance of which has been deteriorated due
to the deformation or wear thereof is used in a cold district or
the like, it is possible to positively seal the piston main body
and cylinder.

The expansion member may comprise a ring spring 30 a
portion ofthe periphery of which is cut out. The ring spring 30
may be formed to have a substantially elliptic shape when the
ring spring 30 is disposed inside the lip portion 20 and is
thereby reduced in diameter.

According to this structure, the lip portion is expanded
outwardly most intensely in the major axis direction of such
substantially elliptic shape, which makes it possible to posi-
tively seal between the piston main body and cylinder.

The ring spring 30 may be formed such that a major axis
direction of the substantially elliptic shape of the ring spring
30 corresponds to a rocking direction of the piston rod 11.

A direction where a space between the piston rod and
cylinder varies greatly is the rocking direction of the piston
rod. Thus, the space between the piston rod and cylinder in
such rocking direction requires the highest seal performance.
According to this structure, since the major axis of the sub-
stantially elliptic shape is disposed in the direction that
requires such highest seal performance, in this direction, the
lip portion is outwardly expanded most intensely, thereby
being able to positively seal between the piston main body
and cylinder.

The expansion member may comprise a crown-shaped
member 40 including a circular-shaped base portion 41 and a
plurality of rising pieces 42 respectively rising from a periph-
eral edge of the base portion 41. The rising pieces 42 may
respectively comprise plate springs outwardly expanding
gradually toward open end portions 43 of the rising pieces 42.

According to this structure, the rising pieces are allowed to
apply loads to the lip portion individually and thus they are
able to apply proper loads to the lip portion according to the
varying shapes of the lip portion caused by the rocking
motion of the piston rod. This makes it possible to positively
seal between the piston main body and cylinder.

The open end portions 43 of the rising pieces 42 may
respectively project beyond an end edge of the lip portion 22
in the height direction.

According to this structure, the rising pieces 42 can expand
the peripheral edge ofthe lip portion outwardly, thereby being
able to positively seal between the piston main body and
cylinder.

A ring holder 23 may be provided on the leading end
portion 13 of the piston rod 11 and configured to fix the lip
ring 20. A peripheral groove 24 into which the crown-shaped
member 40 fits may be formed on an outer peripheral surface
of the ring holder 23.

According to this structure, the crown-shaped member can
be fixed firmly.

The expansion member may comprise a ring-shaped metal
member 50 which is slidable along an inner peripheral surface
52 of the lip portion 22. At least one of the inner peripheral
surface 52 of the lip portion 22 and an outer peripheral surface
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51 of the ring-shaped metal member 50 may be formed to
have a tapered shape gradually increasing in diameter toward
a leading end thereof. When piston rod 11 slides in a com-
pression direction, the ring-shaped metal member 50 may
slide along the inner peripheral surface 52 of the lip portion 22
and the ring-shaped metal member 50 may relatively move to
a lower side in the height direction with respect to the lip
portion 22 to thereby expand the lip portion 22 outwardly.

According to this structure, in the compression operation
that requires the seal performance, it is possible to positively
seal between the piston main body and cylinder.

A ring holder 23 may be provided on the leading end
portion 13 of the piston rod 11 and configured to fix the lip
ring 20. A peripheral groove 24 into which the expansion
member 30, 50, 60 fits may be formed on an outer peripheral
surface of the ring holder 23.

According to this structure, without producing a dead
space in the side surface of the ring holder, the ring-shaped
expansion member can be fixed firmly.

A clearance may be formed between an entire periphery of
aperipheral edge portion of a lower portion of the ring holder
23 and the lip ring 22.

According to this structure, when the lip ring is expanded
by the expansion member, it can be deformed in such a
manner that it is expanded outwardly from the rising portion
of the lip portion, thereby being able to positively seal
between the piston main body and cylinder.

The expansion member may comprise a ring-shaped non-
metal member 60 configured to outwardly expand the lip
portion 22 due to a thermal expansion of the non-metal mem-
ber 60. The non-metal member 60 may be disposed on an
outer periphery of a ring holder 23 provided on the leading
end portion 13 of'the piston rod 11. The non-metal member 60
may be made of a material having a coefficient of linear
expansion which is lager than a coefficient of linear expansion
of the ring holder 23.

According to this structure, the thermal expansion can be
accelerated, whereby the enhanced seal performance can be
realized earlier than the prior art.

The non-metal member 60 may be formed to have a larger
thickness than a thickness of the lip portion 22.

According to this structure, the thermal expansion can be
accelerated, whereby the enhanced seal performance can be
realized earlier than the prior art.

The non-metal member 60 may be configured to be elasti-
cally deformed due to an air pressure generated when the
piston rod 11 compresses an air to thereby outwardly expand
the lip portion 22.

According to this structure, the seal performance can be
enhanced due to the pressure of the elastic deformation of the
non-metal member in addition to the thermal expansion
thereof.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

: Cylinder

: Piston rod

: Bearing hole

: Leading end portion
: Lip ring

: Bottom portion

: Lip portion

: Ring holder

: Peripheral groove

: Non-groove portion
: Fixing bolt
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30: Ring spring (expansion member)
31: Cut-out portion
40: Crown-shaped member (expansion member)
41: Base portion
42: Rising piece
43: Open end
50: Ring-shaped metal member (expansion member)
51: Outer peripheral surface of ring-shaped metal member
52: Inner peripheral surface of lip portion
60: Non-metal member (expansion member)
D1: Sliding direction of piston rod
D2: Rocking direction of piston rod
T1: Thickness of non-metal member
T2: Thickness of Lip ring

What is claimed is:

1. A rocking piston type compressor in which a piston rod
is rockingly slidable within a cylinder, the compressor com-
prising:

alip ring configured to seal between the cylinder and piston

rod, the lip ring being provided on a leading end portion
of the piston rod and including a bottom portion in a
circular plate shape and a lip portion rising from an
entire peripheral edge of the bottom portion along the
cylinder; and

an expansion member provided on an inside of the lip

portion and configured to outwardly expand the lip por-
tion at a distal-most end of the lip portion,

15
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wherein the expansion member comprises a circular ring
spring a portion of the periphery of which is cut out,

wherein the circular ring spring is deformed to have an
elliptic shape when the ring spring is disposed inside the
lip portion,

wherein the ring spring is formed such that a major axis
direction of the elliptic shape of the ring spring corre-
sponds to a rocking direction of the piston rod, and

wherein the rocking piston type compressor further com-
prises:

a ring holder provided on the leading end portion of the
piston rod and configured to fix the lip ring,

wherein a peripheral groove into which the ring spring fits
is formed on an outer peripheral surface of the ring
holder adjacent the distal-most end of the lip portion
such that the ring spring contacts the distal-most end of
the lip portion,

wherein the peripheral groove comprises a non-groove
portion in a peripheral direction, and

wherein the non-groove portion is formed in one side
peripheral edge of the ring holder in a rocking direction
of the piston rod.

2. The rocking piston type compressor according to claim

1, wherein a clearance is defined between an entire periphery

25 of a peripheral edge portion of a lower portion of the ring

holder and the lip ring.
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